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HEAT TRANSFER FLUID MAXIMUM TEMPERATURE RATINGS

Why Temperature Ratings
Are Imporiant

Every heat transfer fluid manufacturer assigns a
“maximum use temperature” or “maximum femperature
rating” to each of its fluids. How is this maximum tem-
perature rating defermined, and how does this rating
relate to the safe and efficient operation of the fluid in
a heat transfer system? Answers to these questions are
important fo the user when selecting a heat transfer fluid
for a particular application. The reliability and overall
cost of operation of the heat transfer system can be
directly related to the fluid’s thermal stability, which is
the key parameter when determining the maximum
temperature rating of the fluid.

What Is Thermal Stability?

Thermal stability is defined as the resistance of

a fluid to breakdown (sometimes called thermal degra-
dation) at a given temperature. The rate of thermal
degradation is inversely proportional to the level of
thermal stability. The greater the amount of thermal
degradation, the lesser the thermal stability of the fluid.
All organic heat transfer fluids thermally degrade over
time. When evaluating thermal stability, the rate of
degradation and the types of degradation products
are critical considerations.

How Is Thermal Stability
Measvured?

There is no worldwide industry standard test method
in place for measuring the thermal stability of organic
heat transfer fluids. For years laboratory ampoule
studies have been the most common method used by
heat transfer fluid manufacturers to determine thermal
stability. In this method a small quantity of fluid is placed
in a stainless steel ampoule. The ampoule is purged with
nitrogen fo remove any residual air and water, and
then sealed. The fluid-filled ampoule is then held ot @
constant, elevated temperature for a given period of
time, usually 1,000 hours. After this heat stressing, the
fluid is analyzed by gas chromatography to measure
the total amount of degradation and to classify the
degradation products as either “low boilers” or
“high boilers” (these will be discussed in more detail
in the next section). This process is repeated at several
different temperatures with degradation amounts meas-
ured for each. A thermal stability curve comparing
measured thermal degradation rate versus temperature
can then be generated (Fig.1).

Thermal stability data should be the primary infor-
mation used in establishing the recommended maximum
temperature rating of a fluid. Since the thermal stability
curve generated from ampoule tests is very important in
defermining the maximum use temperature of the fluid,
care must be taken to ensure the ampoule tests are done
with precision in order o enhance the accuracy of the
results. This data, when interpreted properly, should also
support experience gained from the fluid’s performance
in operating systems at various temperatures.
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Figure 1
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*NOTE: This information does not constitute an express or implied warranty. See NOTICE on the back of this bulletin.

Relating the fluid degradation data o its operation
in a system is critical. Most fluid manufacturers employ
ampoule tests to project typical fluid life at a specific
operating temperature. However, interpretations of the
data generated in such ampoule tests can and do vary,
thus fluids rated at identical “maximum operating
temperatures” by different manufacturers may not have
the same operational life in a system due to different
interprefations of the thermal stability testing results.
Even if the same fluid chemistry were measured by
different manufacturers, they could get different results
because of different interpretations of the thermal
stability testing results.

Thermal stability ratings have been conservatively
established for each Therminol® heat transfer fluid.
Using a conservative approach in sefting maximum
temperature limits for Therminol fluids means that users
generally can expect reliable operation and long fluid
lifetimes, even when operating at the maximum temper-
ature rating. With Therminol, there is generally no need
to apply an additional safety factor to the maximum
temperature rating in normal use situations.

How do fluids degrade?

Typically, heat transfer fluids are specific blends of
chemical compounds. The chemical composition of a
fluid determines thermal stability. When the temperature
becomes high enough, the molecular bonds within the
chemical structure break to form two main types of

degradation products. One class of products produced
from this thermal cracking are lower in molecular weight
and are commonly known as low boilers. Because of
their volatility, low boilers can be detrimental to system
operations. If low boiler concentration is allowed to
reach excessive levels in the fluid, problems such as
pump cavitation, increased system pressure and flash
point depression can occur. Intermittent, controlled
venting is a common solution o minimize the potential
for problems caused by excessive low boiler concentra-
tion. High rates of low boiler generation caused by
poor thermal stability can also result in excessive fluid
make-up costs since the vented low boilers must be
replaced with new heat transfer fluid.

High boilers can also be generated by thermal
degradation. Some of the low boilers formed in the
thermal degradation process polymerize or recombine
to produce higher molecular weight materials. Since
these high molecular weight components have a higher
boiling point than the original fluid, they cannot be
vented from the system. When their concentration
reaches an elevated level, typically greater than 10%,
the viscosity of the fluid in the system may increase
enough to affect fluid pumpability and overall heat
transfer efficiency. Extreme levels of high boilers can
create sludge and cause system fouling. Eliminating
elevated concentrations of high boilers requires fluid
replacement since high boilers cannot be vented from
the system.
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Accurate Fluid Temperature

Less than adequate thermal stability will result in high
rates of fluid degradation and can have a significant effect
on both reliability and overall cost of system operation.
Since thermal stability varies with temperature, the fluid
manufacturer’s recommended maximum femperature
rating of the fluid is very important. If the rating is overly
optimistic, unacceptable rates of fluid degradation can
occur in the heat transfer system even if the fluid is used
only within the recommended maximum temperature
rating. The user must require that the maximum use
temperature recommended by the manufacturer be
determined from scientific laboratory festing and extensive
real-world experience. If the fluid has been thoroughly
evaluated and properly rated, the user should have
fewer concerns about its performance in the heat

transfer system.

All Therminol® heat transfer fluids undergo multiple
evaluations in our festing laboratory to accurately assess
their thermal stability. These results are then correlated
with years of real-world customer performance history.
Users have found that a Therminol heat transfer fluid
operated in a heat transfer system at or below the
recommended maximum bulk and film temperature
provides many years of trouble-free performance.

Figure 2

How Does the Temperature Profile
Within a Heat Transfer System
Affect Fluid Performance?

In most industrial heat transfer systems the heat
transfer fluid is exposed to a variety of different temper-
atures. These temperatures can vary widely in various
parts of the system during normal operation. Solutia
offers heat transfer fluid users and system designers
recommendations for both the maximum bulk tempera-
ture and the maximum film temperature for each
Therminol heat transfer fluid. Maximum bulk temperature
is the temperature of the fluid as it exits the heater. The
maximum film temperature is defined as the fluid tem-
perature in the boundary layer at the heat input surface.
In a typical well-designed and operated system the film
temperature is usually 25-30 °C (45-55 °F) higher than
the bulk temperature (though this can vary depending
on heater design). In a typical system approximately 1%
of the fluid volume is in the boundary layer where it is
exposed to this elevated temperature. Fluid contained
in the expansion tank and in the process return piping
is typically exposed to significantly lower temperatures
than the bulk operating temperature and therefore has
much lower thermal degradation rates. Using the thermal
stability curve generated from laboratory ampoule data,
fluid degradation can be estimated for each part of an
operating system. Low and high boiler formation for the
total fluid charge can then be calculated and an estimate
made for the fluid life in a given system.

Typical Fluid Volumes and Temperatures’
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*NOTE: This information does not constitute an express or implied warranty. See NOTICE on the back of this bullefin.
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What Affects Maximum Fluid Life?

For most systems, thermal stability at a system’s
operating temperature is the most important factor in
establishing the operating life of a heat transfer fluid.
As discussed above, lower thermal stability will result in
greater degradation. At or near the maximum recom-
mended use temperature of the fluid, small changes in
temperature have a large impact on the rate of thermal
degradation. When operating a heat transfer fluid at
or near the maximum use temperature, increasing the
temperature 10 °C/20 °F will roughly double the rate of
thermal degradation. Conversely, the fluid degradation
rate is roughly cut in half for every 10 °C/20 °F
decrease in fluid operating temperature when operating
at temperatures at or near the maximum use temperature.
Therefore care should be taken in the design and
operation of the system to minimize the possibility of
overheating the fluid.

Operational problems such as low fluid velocity in
the heater leading fo a loss of turbulent flow, or flame
impingement on the heating surfaces within the heater
can increase fluid temperature very quickly. Unless such
problems are quickly and effectively corrected, acceler-
ated and irreversible thermal degradation can occur.
To maximize fluid life in a heat transfer system, the user
should select a fluid rated for the system’s maximum
operating temperature and then make sure the design
parameters and operational conditions of the system
minimize the risk of overheating.

Fluid overheating is not the only cause of reduced
fluid life. Fluid contamination and fluid oxidation are also
defrimental to fluid performance. Oxidation of organic
heat transfer fluids occurs at elevated temperatures,

usually above 175 °C/350 °F, and can accelerate the
thermal fluid degradation process. Contamination of
the fluid from process materials or other compounds
inadvertently added to the system can greatly reduce
fluid life. System design and operating practices should
include measures to prevent the potential oxidation

or contamination of the fluid.

Cost Performance and Reliability

A heat transfer fluid with high thermal stability
reflected by an accurate and proven “maximum
temperature rating” can provide excellent reliability and
positive cost performance in a properly operated heat
transfer system. The initial price of the fluid is often the
smallest component of the total cost of owning and
operating the heat transfer fluid system. High cost events
such as frequent fluid replacements, sludge removal and
system downtime are often the result of the selection and
use of the wrong heat transfer fluid. Because thermal
stability test data is subject to varying interpretations,
such high-cost events can occur even if the heat transfer
fluid is used at or below the “maximum use temperature”
if the maximum use temperature has been set too high.
The temperature rating for the fluid must provide the
user with confidence that the fluid will perform at that
rated temperature for a long period of time. Therminol
heat transfer fluids are thoroughly evaluated for thermal
stability and assigned conservative maximum operating
temperature ratings that contribute to long fluid life
and optimum cost performance in the user’s heat transfer
system. Decades of use in thousands of heat transfer
systems around the world have proven the reliability
and efficiency of Therminol heat transfer fluids.

For more information: call toll free 800-433-6997
visit our Web site — www.therminol.com

NOTICE: Although the information and recommendations set forth herein (hereinafter “Information”) are presented in good faith and believed to be
correct as of the date hereof, Solutia Inc. makes no representations or warranties as to the completeness or accuracy thereof. Information is supplied upon
the condition that the persons receiving same will make their own determination as o its suitability for their purposes prior to use. In no event will Solutia Inc.
be responsible for damages of any nature whatsoever resulting from the use of or reliance upon Information or the product to which Information refers.
Nothing contained herein is to be construed as a recommendation fo use any product, process, equipment or formulation in conflict with any patent, and
Solutia Inc. makes no representation or warranty, express or implied, that the use thereof will not infringe any patent. NO REPRESENTATIONS OR
WARRANTIES, EITHER EXPRESS OR IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR OF ANY OTHER NATURE ARE MADE
HEREUNDER WITH RESPECT TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS.
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